Potassium tetrachloroplatinate and asparagine form a paramagnetic complex in aqueous solution. This complex which displays a blue green color has been studied by ESR and IR spectroscopy. The ESR spectra are interpreted to be due to tervalent platinum in a low spin d 7 configuration. The IR data suggest that the doubly deprotonated ligand is coordinated through the COO -and CONH -groups.
Efforts to improve the therapeutic index of the somewhat toxic cis-dichloro diamino platinum(II) (cis-DDP) have led to the synthesis of many new platinum complexes. The discovery that platinum pyrimidine blues exhibit antitumor activity and low toxicity [1] [2] [3] [4] has provided added impetus to the study of these intriguing species.
The mechanisms by which platinum complexes exert their antitumor activity are not well understood but it is generally postulated that the primary site of action in the cell is DNA [1] . However other potential target sites such as amino acids and proteins may be considered [5] [6] . Furthermore L-asparaginase has been shown to possess antitumor activity. Its use in the treatment of neoplastic disease is based on the assumption that asparaginase sensitive tumors have lost their ability to synthetise L-asparagine and thus depend on the exogenous supply of this amino acid and it has been suggested that L-asparagine might be used to direct complexed metal ions into tumor cells [7] [8] . Finally these considerations prompt us to report on a blue-green paramagnetic complex obtained during the reaction of K2PtCl4 with DL-asparagine.
Experimental
Infrared spectra were recorded using a Perkin Elmer Model 577 spectrometer calibrated with polystyrene film, in the 4000-200 cm -1 range using KBr disk.
The ESR spectra were obtained using a Brucker ER-200 D with a conventional X-band (9.63 GHz).
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The blue complex was prepared by dissolving 5.10-3 mole of K2PtCl4 in 25 cm 3 H20 and filtering to remove any Pt(O) and/or K2PtCle. Then a solution of DL-asparagine was prepared by mixing 1.10 -2 mole of amino-acid with 25 cm 3 H20 at pH 7.
The platinum solution was added to the solution of the ligand and the reaction mixture was stirred at 37 °C in the dark. After incubation for two days, the solution was green and the pH has fallen to 4.3. The reaction was halted two days later and a blue green precipitate was filtered off and washed several times with hot water, then with ethanol and ether. Finally the solid was dried in vacuo overnight leading to an amorphous powder almost insoluble in water and all common solvants. The chlorine and potassium contents are found equal to zero.
Elemental analysis for C12H24H12N §Pt2 [%]'•
A structural formula consistent with these data would be Pt2La(H20)3 where L represents the doubly deprotonated ligand.
Results and Discussions
The ESR spectrum shown in Fig. 1 is typical for an axially symmetrical complex with g^ = 2.39 and g/j=1.97. The main absorption suggests considerable spin-orbit coupling of the odd-electron which is a typical behaviour of paramagnetic heavier transition metal ions. The g-values are consistent with the unpaired spin being in a dz 2 orbital. Other ground states dXy or dX2_Y2 are eliminated from further consideration on the basis of ligand-field arguments [9] [10] .
Keeping into consideration second-order perturbation terms, the following gvalues are calculated for a ground state: where N is the normalization coefficient for the zeroorder wave functions arising from the spin orbit interaction, £ the parameter of the spin orbit coupling, and A E the average energy separation between the dz 2 and the dxz,yz states [9, 11] .
Substitution of the experimental g-values in these two expressions yields: N = 0.992, IjAIE = 0.070 which may be compared with the values of N (0.99?) and £/zlE (0.07i) in the ct's-diamine platinum apyridone blue [12] . Therefore it is suggested that the paramagnetic species is Pt(III) with its d 7 configuration. In the perpendicular component of the spectrum, an hyperfine pattern is observed. Although this pattern is ill-resolved, it may be tentatively assigned to the interaction of the unpaired spin with the 195 Pt nuclei. The spectrum of the a-pyridone blue reveals a very similar aspect.
Asparagine has three sites suitable for bonding, on the one hand the amino and the COO -groups which have been found operative in the PtA2 and Pt(AH)2Cl2 complexes formed by glycine and alanine [13] and, on the other hand, the amido group. Infrared spectra are expected to give some information about the nature of the sites actually involved in bonding in the blue species.
The main infrared absorptions of the free ligand acid of the complex are reported in Table I . Very few works [14] have been done concerning the infrared spectrum of asparagine, however a comparison with the deuterated analogue allows some attributions to be tentatively done.
In the 6 /i region, the most intense band at 1630 cm -1 is attributed to the amide I (mainly vC=0); it is little affected by deuteriation. The *-aCOO~ and vsCOO~ are located at respectively 1670 and 1425 cm- 1 . Three bands at 1570, 1520 and 1510 cm -1 which disappear in the spectrum of the deuterated product are attributed to deformation modes of the NÜ3+ and NH2 groups. These three bands are no longer present in the spectrum of the blue species indicating that deprotonation of the amino NÜ3 + and the amino NH2 groups has occurred. However it seems that only the deprotonated NH2 group is involved in coordination since in metal glycinate complexes where coordination occurs through the amino group, typical NH2 stretching frequencies are observed near 3250 and 3130 cm -1 [15] .
In the blue species the VNH are located at 3410 and 3210 cm -1 . Upon complexation the vsC00 -shifts from 1425 to 1405 cm -1 . The corresponding ?>aCOO -is difficult to localize since it may be overlapped by vC=0 a broad and intense absorption due to vC=0 which occurs at ca. 1650 cm -1 . Finally these data may be consistent with a participation of the COO -and CONH -groups in coordination to the platinum [16] .
In conclusion, asparagine and (PtCLi) 2-can form a species which display the two main characteristics of the so-called "Platinum blues", i.e. a blue color and a paramagnetic behaviour. The paramagnetism seems to be due to Pt(III) ions in their d 7 configuration. The infrared spectra suggest that coordination of the ligand to the metal occurs through both the carboxylate and the deprotonated amido group.
